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Herschel/PACS - SgrB2(M)
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Orion Bar NGC 7027
nH TK nH TK

OI (3P1-
3P2), CI (

3P1-
3P0),

C+ (2P3/2-
2P1/2), H2 S(1)

5× 104 2× 105

CO (J < 9) 105 85 2× 105 6 100

13CO (J > 9), CO (J > 11) 107 120 2× 106 200

OH (2Π1/2,
2Π3/2)

CH+ (J 6 6)
107 200 2× 106 1000

CO+ (25/2 − 13/2) > 106 > 106

interclump medium + large density gradients/clumps
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MADEX - LVG model energy structure of CH+

spherical/plan-parallel cloud

external radiation �eld

I default : local ISRF

I scaling : T , β, τ , χ
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formation destruction

C++H2(υ
′, J ′) → CH+(υ, J)+H

others : ∝ (2J + 1)exp(−EJ/TK)

CH+(J) + H

others : J-independent
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parameter domain

[H2] = 0.5

[e−] = 10−4

nH = 102 → 106 cm−3

TK = 10 → 5000 K

χfir = 103 → 108

χnir = 105 → 1010

χopt = 102 → 107
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main excitation pathways

TK = 100 TK = 1000 χfir = 106 χnir = 1010 χopt = 106
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requirements to activate the radiative pumping

near-infrared pumping optical pumping
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requirements to activate the radiative pumping

near-infrared pumping optical pumping
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physical conditions chemical pro�les

nH = 5× 104 cm−3

χnir = 3× 104

χopt = 3× 104
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physical conditions chemical pro�les

nH = 2× 105 cm−3

χnir = 2× 105

χopt = 4× 104

carbon rich
[C] = 1.3× 10−3
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Summary

species sensitive to chemical pumping

I short lived molecules : e.g. CH+, CO+ ( ?), ...

I state-speci�c rate constants are important

I CH+ rotational lines explained in low density medium

species sensitive to near-infrared pumping

I HF, HCl for χnir > 104 × (nH/104)2/J

species sensitive to optical/uv pumping and photodissociation

I SiO, HCl, CS, and CO for χopt/uv > 103

Open issues - Future contributions

extension to ...

I polyatomic molecules : metastable lines of NH3

I other ground-state con�gurations : OH (2Π) and CO+ (2Σ+)


